. Today's global patterns of seabird distribution are not natural.
Human activities are causing major changes in the Earth's biota (1). Extinction, the ultimate change, is occurring today across a broad range of terrestrial and aquatic habitats (2) . Although much of this "biodiversity crisis" is due to human impact during recent centuries or decades, few plant and animal communities were unaffected in preindustrial times (3) . Nowhere is this seen more dramatically than on islands in the Pacific Ocean.
Nearly all islands in Melanesia, Micronesia, and Polynesia ( Fig. 1) were inhabited by prehistoric peoples. Melanesia was occupied as far east as the Solomon Islands by 30,000 years before the present (B.P.) or earlier (4) . Much (6) . Having evolved in the absence of mammalian predators, the birds undoubtedly were tame and easy for people to hunt (7).
The loss of birds on oceanic islands may entail extinction (global loss of a species), extirpation (loss of a species from an island or region, with one or more populations surviving elsewhere), or reduced population. Extinction and extirpation are long-term losses (8) , not shortterm departures of populations soon to be reestablished from elsewhere (9) . All (15, 16) and New Zealand (17) . As Ahu Naunau also provides the first evidence that indigenous land birds once lived on Easter Island. Except for a rail (Porzana sp. nov.), the land bird bones found thus far are too fragmentary to identify as to genus but do represent at least six species in four families.
Evidently Easter Island lost more of its indigenous terrestrial biota than did any other island of its size in Oceania. Before human colonization at about 1500 years B.P., most of Easter Island was forested with a palm (Jubaea disperta) and the trees Sophora toromiro and Triumfetta sp. (23) . Although depauperate by Polynesian standards, the terrestrial vegetation sustained indigenous insects, land snails, and land birds. Deforestation of Easter Island was virtually complete by about 550 years B.P. (24) .
The Polynesian Heartland
Outside of the Hawaiian Islands, New Zealand, and Easter Island, the prehistoric record of Polynesian birds is based on bones from Henderson Island (25) , the Marquesas Islands (6, 13, 26, 27) , the Society Islands (6, 14) , the Cook Islands (6, 28, 29) (8) .
The impoverishment of 'Eua's land bird community has obvious ecological implications. Of more than 23 extinct or extirpated species, 3 are larger than, and 5 smaller than, any surviving species. The prehuman land bird fauna had more than 27 forest species and lacked nonforest species, as compared with 9 forest and 4 nonforest species today. All feeding guilds have been depleted (Fig.  4) . When analyzed by foraging height, the losses were acute for ground-dwelling species (7 to 0), reflecting predation from humans, rats, dogs, and pigs. The natural means of pollination or seed dispersal for certain Polynesian forest trees probably has suffered through the loss of so many frugivorous and nectarivorous birds (35) and pteropodid bats (40) Caves on 'Eua (85 kmi2, elevation 300 m), Tonga, (Fig. 3) , differ from other Polynesian heartland sites in yielding bone deposits that predate human arrival by tens of thousands of years (8) . The data reveal little prehuman turnover in land birds on 'Eua until the arrival of humans at about 3000 years B.P. Climatic and sea-level changes at the end of the last glacial period may have had virtually no effect on the 'Euan land bird fauna. At least 27 species of .. M avian extinctions in Micronesia will resemble that of Polynesia.
On average, the islands of Melanesia are larger and sustain richer biotas than those of Polynesia or Micronesia. Species of land mammals were lost (some translocated) in prehistoric Melanesia (44) . Although studies of prehistoric birds are few, the fossils disclose the loss of land birds. New Caledonia (16, Knowledge of the prehistory of Polynesian birds vastly improves our understanding of a group of organisms that had been considered, prematurely, to be well known. With data only from living birds (48), one might not predict that three species of Vini parrots once inhabited individual islands in the Marquesas, that five species of rails (including three species in the genus Porzana) coexisted on Mangaia, or that six species of pigeons and doves occupied a typical East Polynesian island, where only zero to three (usually 0 to 2) species per island are known in recent centuries. In biogeographical analyses of Polynesian birds, as in other natu- ral sciences (49) , models have overshadowed data and thereby undermined their potential to be meaningful.
Much remains unknown about the biogeography of South Pacific birds. For example, DNA might be extracted from wellpreserved bones to complement anatomically based taxonomies. We need more prehistoric bone assemblages from across Oceania, especially Micronesia and Melanesia. Sites that represent the first few centuries of human occupation are crucial for documentation of pristine avifaunas. None of the bone records now in hand is complete; with each return to Mangaia, 'Eua, or any other island with suitable deposits, I find bones of species previously unknown from the island, species that lived there before human intervention. The record of natural (background) extinction deserves greater effort. Was climate change of little or no consequence in driving species turnover?
Another challenge is to obtain more data from atolls and low-raised limestone islands. The largest bone samples in hand are from high-raised limestone islands (Mangaia, Henderson, and 'Eua) or volcanic islands (Easter Island, Huahine, and various Marquesan and Hawaiian islands). I recently received about 400 bird bones from three archaeological sites (50) on Lifuka and Foa islands (maximum elevation less than 20 m; most land less than 10 m in elevation) in Tonga (Fig. 3) (51) . Thus, the rate of background (prehuman) extinction in the Galipagos was roughly two orders of magnitude less than the rate of human- related extinction elsewhere. When undisturbed by humans, the natural processes of dispersal, colonization, and evolution may result in a very low rate of extinction for vertebrates on tropical oceanic islands.
On continents, especially the Americas, Australia, and northern Eurasia, human hunting has been implicated in the late Pleistocene extinction of mammoth and other large mammals (52) . A debate has focused on human activity versus changing climate and habitat as the primary or sole cause of megafaunal extinctions, although a blend of the two factors is plausible (53). Unlike the situation on continents, most scientists readily accept that prehistoric humans were involved in the loss of island species, probably because we have seen so many extinctions on Pacific islands in recent centuries ( 1 1 ). Even though islands are subject to natural disasters including Table 5 . Chronology and community ecology of indigenous resident land birds from 'Eua, Tonga. Chronologic and systematic data from (8) . Prehuman record, more than 3000 yr B.P.; archaeological record, 3000 to 200 yr B.P.; historic record, 19th-century specimen. Daggers indicate extinct species; asterisks indicate extirpated species; x, present; dash, no records. Feeding guild categories are defined in Fig. 4 drought, fire, and severe cyclonic storms, to date the fossil record has revealed no major loss of species from natural causes. Once people occupy an island, human predation, habitat loss, and introduced predators, competitors, or pathogens appear to be responsible for the extinctions of birds, whether modem or prehistoric (54) . Finding the bones of extinct species in a cultural context does not prove that people caused the extinctions, even when evidence of butchery, cooking, or consumption is present. Such bones do indicate human predation on the extinct species which, based on modem analogy, probably was a factor leading toward extinction. Direct evidence for prehistoric habitat changes comes not from the bones themselves but from paleobotanical and geological studies (24, 37, 38) .
The rate of extinction for island birds need not be a matter of two or three centuries only, as proposed for North American mammals (52) . On Mangaia, the rugged makatea limestone that covers 56% of the island provided a forested refuge that allowed many species of birds to survive for more than 1000 years after human arrival. Bin Liu and Bruce M. Alberts* An in vitro system reconstituted from purified proteins has been used to examine what happens when the DNA replication apparatus of bacteriophage T4 collides with an Escherichia coli RNA polymerase ternary transcription complex that is poised to move in the direction opposite to that of the moving replication fork. In the absence of a DNA helicase, the replication fork stalls for many minutes after its encounter with the RNA polymerase. However, when the T4 gene 41 DNA helicase is present, the replication fork passes the RNA polymerase after a pause of a few seconds. This brief pause is longer than the pause observed for a codirectional collision between the same two polymerases, suggesting that there is an inherent disadvantage to having replication and transcription directions oriented head to head. As for a codirectional collision, the RNA polymerase remains competent to resume faithful RNA chain elongation after the DNA replication fork passes; most strikingly, the RNA polymerase has switched from its original template strand to use the newly synthesized daughter DNA strand as the template.
The Escherichia coli genome is arranged in a curious way, inasmuch as most of the heavily transcribed genes are oriented in the direction of the leading strand of the DNA replication fork (1, 2). A similar nonrandom gene organization is found in other bacteria (3), plasmids, and bacteriophages (1). These observations suggest that a codirectional collision between RNA and DNA polymerases is less disadvantageous to an organism than an oppositely oriented (head-on) collision.
Using a highly purified in vitro system, we previously examined the consequences of a collision between a DNA replication fork and codirectionally moving RNA polymerase (4, 5 
